Objective: The aim of this study was to determine whether an intervention with individualized conditioning program based on injury history and functional movement screening would be effective in reducing ballet injury incidence.
INTRODUCTION
Reducing injuries within sport has been a challenge since classical years and the ancient Olympic Games. 1 Artistic athletes like dancers 2, 3 are exposed to extreme physical demands 4, 5 and subject to risk of injury [6] [7] [8] with injury rates varying from 0.62 to 5.6 injuries per 1000 hours. [9] [10] [11] Injury has been reported to be multifactorial [12] [13] [14] and so strategies to prevent injuries may also need to be multifactorial. Understanding injury risk, through establishing the extent of injury along with potential intrinsic risk factors, are key elements from which interventions can be planned and tested. Use of injury history and preparticipation screening data regarding musculoskeletal risk factors has been suggested in sports medicine. 15 In dance medicine literature, however, there are few epidemiological and screening studies from which interventional strategies for injury prevention can be evaluated. Bronner et al 16 set out to determine the effect of implementing on-site medical care in a modern dance company. The results revealed a significant reduction in workers compensation cases in the following 3 years. Similarly, the positive impact of moving from an insurance-based funded system to an "in-house" medical care system for a professional ballet company has been reported over a period of 5 years. 17 Both studies have demonstrated the impact on injury incidence with the implementation of in-house medical care. Nevertheless, the impact of combining injury audit data with screening data in the construction of conditioning plans on injury incidence in a ballet company that already has comprehensive in-house medical provision is still unknown. Therefore, the aim of this study was to evaluate changes in injury incidence following the implementation of individual intervention programs using results of a specially designed injury audit and screening program.
METHODS Procedures
This study has been based on van Mechelen's injury prevention model. 18 The first stage was implementing an injury surveillance program starting at year 1, continuing throughout the 3-year study period. At the beginning of year 1, a preseason screening program, the Functional Movement Screen (FMS), was implemented. In year 1, the injury prevention program was undertaken based on the FMS. In years 2 and 3, interventions were based on the FMS and injury surveillance data. The intervention consisted of individual conditioning programs developed using the Hybrid Intervention Model (HIM). The HIM was developed by the lead author as a means to create a format, based on clinical reasoning, to create consistency in the conditioning programs to all dancers. The effect was then evaluated at the end of year 2 and year 3 through injury audit.
Participants
The study prospectively followed a professional ballet company over 3 performance years ( . Data were collected on all dancers within the company during the study period ( Table 1 ). The study was approved by the University of Wolverhampton's ethics committee.
Injury Surveillance
The injury audit provided both a global picture of injuries and a valuable database to analyze an individual's injuries against the rest of the cohort. The present study was consistent with international consensus documents on injury surveillance in sport. [19] [20] [21] A time-loss definition of injury was used whereby "any injury that prevented a dancer from taking a full part in all dance-related activities that would normally be required of them for a period equal to or greater than 24 hours after the injury was sustained." 22 Injuries were classified either as traumatic: "an injury that resulted from a specific identifiable event" or overuse "an injury caused by repeated micro-trauma without a single identifiable event responsible for the injury." 19 A recurrent injury was defined as: an injury of the same type and at the same site as the index (first episode) injury, occurring after a dancer's return to full participation from the index injury within 2 months (definitions modified from Fuller et al 19 ). Injuries were prospectively recorded by the in-house physiotherapists. All dancers were injury free at the start of the study. Dancers participated in 145 performances of 15 different shows in year 1, 143 performances of 18 different shows in year 2, and 142 performances of 20 different shows in year 3, averaging 7 performances per week during performance periods. Exposure was calculated by the lead researcher using estimations based on detailed call sheets and performance schedules as well as the dancer's union contract that determined the amount of allowable dance-related activity.
Functional Movement Screen
The FMS uses 7 movement tests on a 4-point scale 23, 24 : the deep squat, the hurdle step, the in-line lunge, the shoulder mobility test, the active straight leg raise, the trunk stability push-up, and the rotary stability test. 25, 26 A notable aspect of the FMS in relation to other dance screening 27, 28 is the absence of any dance-specific testing. All screening was administrated (by N.A.) in the first 2 weeks at the beginning of the performance year, after the dancers' return from a 5-week off-season break.
The FMS 23, 24 was used to assess the "ability" and "quality" of normal movement patterns. An analysis of the individual test movements to determine the dancer's asymmetries and compensatory movements was undertaken to determine an overall score and risk assessment based on generic criteria.
The outcomes were used to design individualized conditioning programs. There could be a risk of performance loss (and injury) if the movement was achieved by compensation elsewhere. Therefore, the impact of stabilization at the lumbopelvic region was closely monitored. The sacroiliac joint provides a key link in the overall kinetic chain between the lower limb and hip and the trunk. 16, 29 Part of the stabilization of this region is through compressive force closure due to muscles, ligaments, and fascia. 17 If these are weak or insufficient, they affect sacroiliac stability 17 and load transfer through the pelvic girdle. 16, 29 The FMS allowed the nature of pelvic-hip compensations to be identified, in particular with the "deep squat" and "in-line lunge" tests.
Hybrid Intervention Model
Using observations of key performance attributes from elite sport and dance, the HIM was developed to construct individual conditioning programs. It was important that the same model could be applied to the design of conditioning programs for dancers with an injury, as well as dancers for whom a performance enhancement potential or injury risk was identified. The model incorporated the skill and "efficiency of movement" characteristics noted with elite dancers, together with the fitness and strength attributes of "traditional" elite sports athletes. The hybrid component looks to combine movement efficiency with strength training within the conditioning program in a cross-training approach.
The HIM considers 3 points in each program: the injury or deficit, the cause of the injury or deficit, and the final outcome. The model looks to identify which of the 3 is the key "limiting factor" for the current stage (eg, acute/early stage, subacute/midstage, or chronic/late stage) of the injury/deficit. This then influences the relative ratios of the 3 components that are combined to form individual conditioning programs. The components are neuromuscular facilitation, isolated segmental deficit training, and functional integration. In the early stage of an injury or deficit, the key limiting factor may be the injury/ deficit itself, with the cause and end-stage objective carrying less immediate importance or weighting ( Figure 1 ). The development of correct neuromuscular control and movement efficiency patterns has been hypothesized to be essential to provide a safe load to an injured/deficient region without risk of injury or compensatory movement or muscular patterns. The segmental deficit component identifies the muscle group(s) within the movement chain that is influential to the overall function but is deficient and looks to improve it. The last component of the program is "functional integration." In early stages, these may be in unloaded postures that replicate functional activities, like jumping, but taking place on a Pilates reformer (a supine spring-based exercise machine on which a series of exercises can be carried out and resistance varied according to the number of springs employed or in a pool before being carried out in the studios).
Progressing with the model through to "end stage," the main limiting factor may be the proposed outcome set rather than the injury or cause. Thus, the conditioning program has a smaller emphasis coming from the neuromuscular and segmental deficit components of the program and a larger emphasis on the functional integration. This ensures the efficiency of the movement patterns alongside the strength and function work. Each dancer's program was facilitated by the lead researcher and developed by consensus with and delivered by the multidisciplinary medical team employed by the company.
STATISTICAL ANALYSIS
The severity of injuries was calculated as the number of days between the date of injury and date of return and reported as mean severity with 95% confidence intervals (CIs). The incidence of injury was calculated as the number of injuries per 1000 hours of dancing with 95% CIs. A Poisson distribution model was used to calculate CIs. The injury count was analysed assuming a Poisson distribution (equation 1) using the MLwin software (Version 2.22; Centre for Multilevel Modelling, University of Bristol, United Kingdom).
Injuries;Poissonðp i Þ:
(1)
Because injury frequencies are counts, the number of injuries are analyzed using a log link. For the current injury data, we wanted to assess the effect of years on the number of injuries using the following model:
where cons is the constant intercept parameter (for year 1) and b 2 and b 3 is the estimated difference due to years 2 and 3, respectively.
RESULTS
In From observing the parameter estimates and the SE for years 2 and 3, the decline in the mean number of injuries per dancer in years 2 and 3 are highly significant (both more than 7 times their SE). There was a decrease in injury incidence for all dancers between year 1 and years 2 and 3. The injury incidence for male dancers declined from year 1 (4.8/1000 h) to year 2 (2.4/1000 h) and year 3 (2.2/1000 h). A similar reduction in incidence of injuries for female dancers was observed in year 2 (1.7/1000 h) and year 3 (1.8/1000 h) compared with year 1 (4.1/ 1000 h). The mean injury severity in year 1 was 7 days (female: 4 days; male: 9 days). In year 2, this increased slightly for both male and female dancers to 9 days, (female: 5 days; male: 11 days). In year 3, there was a further increase in injury severity (11 days) with female dancers reporting an increase, whereas male dancers reported a decrease (female: 15; male 8 days) ( Table 2 ). In year 1, the incidence of recurrent injuries for female dancers was 1.64/1000 h representing 40% or the total number of injuries sustained by the female dancers. In years 2 and 3, this reduced to 0.61/1000 h and 36% and 0.46/1000 h and 25%, respectively. In male dancers, the recurrent incidence was 1.51/1000 h and 32% of the total number of male injuries in year 1, which reduced to 0.47/1000 h and 20%, and 0.43/ 1000 h and 20% in years 2 and 3, respectively.
The incidence in female dancers' overuse injuries was consistently higher than traumatic injuries (year 1: 2.82/1000 h; year 2: 1.08/1000 h; year 3: 1.2/1000 h) and accounted for a greater percentage of time loss (year 1: 54%; year 2: 63%; year 3: 75%) ( Table 3) . Female dancers recorded reductions in both overuse and traumatic injuries between year 1 and year 2 (overuse: 61.70%; traumatic: 52.63%), whereas between year 2 and year 3, overuse injuries increased by 8.47% and traumatic injuries remained the same. The incidence of male overuse injuries was higher in year 1 (2.84/1000 h dance) and accounted for a greater percentage of time loss (58%), whereas traumatic injuries were higher in year 2 (1.48/1000 h) and year 3 (1.35/ 1000 h) and accounted for the greatest percentage of time loss (year 2: 80%; year 3: 51%) ( Table 3) . Male dancers recorded reductions in both overuse and traumatic injuries between year 1 and year 2 (overuse: 67.60%; traumatic: 23.31%) and year 2 and year 3 (overuse: 5.43%; traumatic: 8.78%) ( Table 4 ). The results of the FMS remained consistent and were expressed as a score of 21 and as a percentage (Table 5 ).
DISCUSSION
The aim of the study was to evaluate changes in injury due to implementation of individual intervention programs that were designed using results of the injury audit and screening program. Results indicated a significant reduction of injuries between year 1 and years 2 and 3. A further reduction of injuries was noted between year 2 and year 3. As the intervention was based on performance enhancement using movement patterns and comprehensive injury audit data rather than injury sites, the conditioning programs took the form of "whole body" conditioning as it enables them to be better conditioned to withstand the rigors of modern day elite level ballet. However, a small increase in injury severity was noted over the study period. The literature suggests that a reason for an increase in severity can be due to an increased awareness of the period required to fully rehabilitate injuries to prevent recurrences. 30 Within this study, the decrease in the recurrent injuries noted in both female and male dancers would support the notion that "extending" the rehabilitation period can help prevent recurrences.
Randomized control trials are recommended for intervention studies; 31 however, this can be impractical in high performance environments, as was the case in this instance. van Mechelen's injury prevention model 18 shows how, through repeated measures testing (using injury surveillance), the impact of interventions may be observed. The present decrease in injuries through the 3-year study period is in line with other published dance reports. 7, 32 Those injury (12) (13) (14) (15) (16) (17) (18) (19) reductions have been linked to changes in the health care provision, namely by providing in-house health care 7, 33 and confirm calls for dance companies with an already established in-house medical team to explore further means to reduce injuries. Indeed, we examined the impact of individual conditioning programs designed using data from an injury audit and functional movement screening. The information from the injury audit provided the understanding of the injuries, whereas the FMS further contributed to the understanding of intrinsic risk. In other dance studies, 27, 28, 32 dance-specific screening was used. This study chose a normal movement screening to establish the nature of movement outside of the skill and technique as a dancer to provide a more accurate indication of risk for when their skill or technique is diminished for any reason (eg, by fatigue).
The intervention used in this study comprised individual conditioning programs. The programs were designed using information regarding intrinsic risk through the injury surveillance and FMS. The HIM was used to steer the construction of the conditioning programs. The HIM has at its foundation a basis in developing the correct neuromuscular firing patterns and motor control stability, key components of dance movement efficiency. These principals have shown good outcomes, where dance training consisting of components of balance, coordination, muscle flexibility and agility saw an improvement in hip motion, joint mobility, and sportrelated low back pain. 33 Research has also demonstrated the positive impact neuromuscular training has had on biomechanics, performance, 34, 35 and injury prevention. 36, 37 Identifying areas of segmental deficit were also important as part of the program development. The benefit of isolated muscle training has been demonstrated in football. 38 Muscles groups like Gluteus Maximus and Piriformis have been advocated as playing a key role in improving force closure of the sacroiliac joint and subsequent improvement in stability. 39 With direct information regarding issues like lumbopelvic instability gained through the screening, these would be included within the segmental deficit training component of the intervention program. The use of functional integration in the final stage of each program was to challenge the neuromuscular firing patterns and segmental muscles groups in functional challenges to enhance their outcomes.
The intervention was designed to improve intrinsic factors such as muscular balance, stability, and strength. The screening helped identify that the remarkable range of motion (noted with the "active straight leg raise" and "shoulder mobility") can be at the cost of stability within key areas (a "give" or loss of control noted at the hips during "deep squat," "hurdle step" and "in-line lunge" or winging of the scapula during "4-point kneeling"). Mechanism of injury (e.g., jumps/lifting partners) and injury history (eg, injuries occurring at the end of rehearsals) recorded in the injury audit also suggested that strength and endurance would be beneficial areas to include in the conditioning programs.
It was felt that improvements to intrinsic risk factors may improve overuse injuries with the definition of an overuse injury being associated with a process of microtrauma due to overloading. 19 Greater differences were noted in the reduction of overuse injuries compared with traumatic injuries. This supports the use of intrinsically focused intervention programs for dance, particularly as the presence of higher occurrences of overuse injuries has been reported. 11, 22, 32, 38 
LIMITATIONS
A perceived limitation of this study was the failure to employ a randomized control trial for the implementation of the intervention program. Due to the multifactorial nature of injury, it was decided to employ individual intervention programs that cannot be tested using a randomized control trial. This study elected to employ van Mechelen's model of repeated measures to establish the foundation for the efficacy of the interventions employed. Further to this, the validity and repeatability of the screening program had not been established within dance (although evidence exists in other sporting environments). However, the lead researcher with extensive experience in screening undertook all the screening for the study period to address intertester reliability. Further study into the reliability as well as predictive nature of the screening in dance would enhance our understanding. Finally, although the implementation of the HIM reflects a sound clinical reasoning process, the use of a previously untested model for the design of the intervention programs is a further challenge to the repeatability of this study. It is recognized that variations in workload, repertoire, and the use of different guest choreographers may influence injury patterns. To ensure that the year 1 data represented the typical workload of the company, a retrospective analysis was employed for the 3 years before the study (and the 3 years of the study). The repertoire remained relatively consistent, as did the use of guest choreographers; it was, therefore, felt that these factors would prove less of an influence in this study.
CONCLUSIONS
By combining injury audit and screening data and using the HIM to construct conditioning programs, a significant reduction in injuries was demonstrated. The positive impact on injury incidence through the use of in-house medical teams in dance companies has already been demonstrated. In organizations that already have in-house medical teams, a further challenge exists in reducing injury incidence. The results support the value of using injury audit data alongside normal movement screening to assist in the development of intervention programs as part of an injury prevention program in elite ballet.
